Abstract Health benefitting potential of twenty leading wheat varieties was assessed for grain nutritional quality status in relation to antigenic reactivity level of gluten protein fractions. Among the nutritional parameters, macronutrients viz. starch, total sugar, total protein and gluten content were observed maximum in the varieties RAJ4120, RAJ4083, RAJ3077, and WH1021 respectively. Micronutrients-zinc and iron and phytochemicals-total phenolics and flavonoids were observed to be maximum in RAJ4083. Among the four protein fraction, albumin and globulin contents were the highest in RAJ3077, whereas gliadin and gluten content was maximum in GW322 and minimum in RAJ4120. The varieties were also characterized by SDS-PAGE and the results revealed significant polymorphism in all of the four protein fractions. The antigenic properties of flour gliadin proteins as evaluated by ELISA revealed that all the varieties possessed antigenicity with highest level in GW322 (0.217 OD). However, all the varieties possessed good baking qualities as studied by rheological measurements.
Introduction
A balance food with proper proportions of necessary parameters such as energy, growth and defense is indispensable for health and growth. Humans do prefer variety of plant and animal based food to meet the same purpose. Among the cereals, wheat (Triticum aestivum L.) is widely consumed globally as common food grain to cater the needs of energy and growth. India has been the second largest producer of wheat in the world with a production of 88.9 million tons in the year 2015-2016 (www.worldgrain.com) . Although, three species of wheat viz., Triticum aestivum, T. durum and T. dicoccum are cultivated in India, but the production of bread wheat T. aestivum is maximum. Being a widely consumed food, people were concerned about the nutritional quality parameters of wheat grains. Besides the presence of health benefitting food factors, some anti-nutritional and disease causing factors have also been reported in wheat (Inomata 2009 ). Wheat grains possess comparatively high protein contents and excellent baking ability which is essential for bakery products like bread and biscuit and chapatti besides its high energy content (Kasarda et al. 2013 ). Out of four major categories of grain protein fractions viz. albumin, globulin, glutenin and gliadin, first two fractions are water soluble having highest nutritive value and last two protein fractions together form gluten that confers a unique combination of elasticity and viscosity enabling the dough to be processed into the range of products (Shewry 2009 ). However, unfortunately these gluten proteins besides the baking character are reported to create serious health problems viz. gluten intolerance causing autoimmunity, celiac disease, insomnia, irritable bowel syndrome and wheat allergy (Foschia et al. 2016) . Therefore, it is a great challenge to overcome these problems without affecting wheat's bakery/chapatti making quality. The present study was under taken to evaluate twenty leading bread wheat varieties in terms of gliadin allergy indices along with baking and health promoting characters so as to find out the best variety(-ies) with high baking quality but lowest/very low antigenic property and high nutritional character.
Materials and methods

Materials
Twenty leading wheat varieties viz. WH1021, PBW175, DBW17, HD2888, HD2932, HD2864, GW322, PBW596, HD2781, C306, RAJ4083, DBW14, RAJ4120, PBW396, HD2987, K0307, HI1531, RAJ3765, RAJ3077 and RSP561 procured from Directorate of Wheat Research (DWR) Karnal, Haryana and Division of Plant Breeding and Genetics, SKUAST-Jammu were used for the present study. The seeds of varieties were multiplied during Rabi season in the year 2015-2016 in Research Farm, SKUAST-J, India following recommended package of practice (Anonymous 2000) . After harvest, the wheat grain samples of respective varieties were sun dried, grinded to fine powder and stored in airtight and moisture free containers for further biochemical analysis.
Methods
Biochemical analysis
Total sugar was extracted out from powdered grain sample by using 80% hot ethanol and was determined by phenol sulphuric acid method (Dubois 1956 ). The sugar free sample was then treated with cold 52% perchloric acid (4°C) to hydrolyze starch of the sample and was determined by the method of Dubois (1956) using glucose standard. Starch content was obtained by multiplying the glucose content by 0.9. Fat content was determined following the method of extraction with petroleum ether in a soxhlet apparatus (AOAC 1990) . Total soluble protein was extracted from wheat grain powder samples using phosphate buffer and estimated following the method of Lowry et al. (1951) . Different protein fractions were extracted following the method of Dvoracek et al. (2001) . Albumin and globulin were extracted in distilled water and 0.5 N NaCl solutions respectively and glutenin and gliadin were then extracted step-wise from the residue by homogenizing with Na-borate buffer (pH 10.0) and 70% ethanol respectively. Total polyphenol was extracted by refluxing powered sample with 80% hot methanol for 1 h and was estimated colorimetrically by measuring blue colour developed due to reduction of phosphor-tungsto-molybdic acid by the reaction of polyphenol (Schanderi 1970) . Total flavonoids were extracted from grain flour samples and estimated following the method of Zhishen et al. (1999) . Elements were extracted from wheat grain powder by wet digestion using nitric acid and perchloric acid in a ratio of 4:1 v/v. Zinc and iron compositions of the extract were measured by using Atomic Absorption Spectrophotometer (HITACHI, Z-2300, Japan) and comparing these absorbance values with corresponding standard values (Lindsay and Norvell 1978) .
Characterization of wheat protein fractions by SDS-PAGE
Protein fractions were selectively extracted from wheat flour according to the method of Osborne (1907) , further modified by Weiss et al. (1993) . The concentration of proteins was determined by the Bradford method (Bradford 1976) . Sodium Dodecyl Sulfate-Poly Acrylamide Gel Electrophoresis (SDS-PAGE) was carried out using 10% separating gels and 5% stacking gels following the method of Laemmli et al. (1970) . Prior to the electrophoresis, the proteins fractions were diluted in the ratio 1:2 (v/v) with the sample buffer, heated at 90°C for 5 min and cooled to room temperature. Aliquots of 40 lg of each albumin, globulin, gliadin and glutenin fractions were loaded per well. Gels were run at 50 mA for 5 h, fixed and stained with 1% coomassie brilliant blue (R-250), methanol, glacial acetic acid, distilled water in the ratio of 4.5:1:4.5. Destaining was performed with methanol, acetic acid and distilled water in the ratio of 1:0.5:3.5. Albumin, globulin, gliadin and glutenin fractions were characterized separately and molecular weights of the polypeptides were estimated by comparing with standard molecular weight marker (BLUeye Prestined protein Ladder, Sigma).
Immunological evaluation of gliadins by ELISA
Diluted gliadin extracts (1:100) were mixed in 1:1 ratio with 0.1 M carbonate-bicarbonate buffer (pH 9.6). 100 ll solution aliquots of gliadin antigens were used to coat micro-titer plates (Sigma Aldrich) overnight at 4°C. After 24 h, the plates were washed four times with wash buffer. Thereafter, 100 ll of blocking solution was added to each well to block the free binding sites with 2% BSA in wash buffer and incubated for 2 h at room temperature. This was followed by removal of coating buffer, rinsing the plates four times with wash buffer and addition of 100 ll of unconjugated primary antibody (anti-gliadin antibody produced in rabbit obtained from Sigma Aldrich) to each well and incubated the plates for 2 h at room temperature. The plates were washed with wash buffer and 100 ll of conjugated secondary antibody (anti-rabbit IgG whole molecule-peroxidase) was added to the wells of micro-titre plates. After incubation for 2 h, the plates were rinsed three times with wash buffer. Thereafter, 100 ll of the substrate solution (TMB for peroxidase) was added and plates were incubated for 30 min. The reaction was stopped by adding 50 ll of stop solution for TMB (Sigma Aldrich) and the output absorbance was measured using Multiscan RC reader at 450 nm.
Rheology of the wheat dough
Wheat dough samples were prepared with deionised water for measurement of rheological properties. The rheological characteristics (storage modulus, G 0 and loss modulus, G 00 ) of wheat dough samples were obtained by using Modular Compact Rheometer (MCR-301, Anton Paar, Ostifildern, Germany), equipped with parallel plate system (40 mm diameter) at a gap of 1 mm with a coaxial geometry. The dough sample was placed between the plates and the edges were carefully trimmed with a spatula. Amplitude sweeps were conducted to establish the linear visco-elastic regions of the samples. Frequency sweeps from 1 to 50 1-S angular frequency (x) were performed with a target strain of 10 -3 (0.1%) at 30°C. Finally elastic (G 0 ) and loss (G 00 ) modulus values were obtained. The storage modulus represents the non-dissipative component of mechanical properties. The elastic or ''rubber-like'' behaviour is suggested if the G 0 spectrum is independent of frequency and greater than the loss modulus over a certain range of frequency. The loss modulus represents the dissipative component of the mechanical properties and is characteristic of viscous flow. All the rheological experiments were performed at least twice and their averages were taken. The storage modulus (G 0 ) and loss modulus (G 00 ) were calculated using the Origin software (version OriginPro 8.5).The power law model (Eqs. 1 and 2) was used to analyze the flow behavior of wheat doughs.
where K 0 and K 00 indicate consistency coefficient while n 0 and n 00 represent flow behavior index of G 0 and G 00 respectively.
Statistical analysis
Analysis of the data and the fitting of power law model were done in R software version 3.4.1 and level was set to 0.05. Values of all parameters are expressed as mean ± SE of three independent measurements.
Results and discussion
Biochemical composition of wheat grains
The varieties varied inter-genotypically amongst each other in respect to the nutritional parameters assessed. The results recorded in Table 1 revealed that starch content was found maximum in RAJ4120 (75.47%) followed by K030 (75.33%) and minimum in GW322 (64.97%). Total sugar content was found highest in RAJ4083 (2.41%) followed by RAJ3077 (2.33%) and lowest in HI1531 (1.26%). So, RAJ4120 and K030 varieties were found to be highly potential in context to energy content. The total protein content which varied significantly among varieties was observed to be maximum in RAJ3077 (12.49%) and at par with HD2781 (12.44%). However, fat content was observed to vary in narrow range (1.4-1.8%) among the varieties. Both RAJ4120 and RAJ3077 possessed highest values of fat content. Mallick et al. (2013) reported variation in starch, fat and sugar contents in different wheat varieties from 75 to 66%, 1.3 to 2.0% and 3 to 4% respectively. Among nutritional parameters, total protein, starch, and essential elements are important factors for growth and energy, whereas gluten, a complex protein made of protein gliadin and glutenin, capable of water and gas retention is essential factor for preparation of bread, biscuit and other bakery products. Water soluble albumin and globulin improves the biological value of protein and are considered as nutritionally superior (Stehno et al. 2008) . In the present study, both albumin and globulin contents were also found to vary inter-genotypically with maximum content in RAJ3077 i.e. 2.11 and 2.07% respectively which was at par with HD2764. However, minimum albumin content was observed in GW322 (1.25%) and minimum globulin content in K030 (1.22%) ( Table 1) .
The levels of albumin and globulin in the present study are in conformity to the earlier reports. Merlino et al. (2009) reported that albumin and globulin content ranged from 2.0 to 2.5% of total proteins, whereas Chiang et al. (2006) reported albumin and globulin fractions to vary between 1.1 and 2.1% in the wheat flour. The combined content of albumin and globulin was found to vary from 1.80 to 2.6% in bread wheat grains (Gafurova et al. 2002) and about 3.8% in durum wheat of total protein (Zilic et al. 2011) . Albumins and globulins are nutritionally better owing to their high lysine and methionine contents as compared to the rest of proteins in the wheat grain (Lasztity 1985) . Therefore among the wheat varieties evaluated, RAJ3077 having highest values in total protein content as well in albumin and globulin (total 4.18%) showed maximum nutritional potential with highest protein biological Table 1 Nutritional components (starch, total sugar, fat, total protein) and protein fraction content (%) in grains of twenty Indian wheat varieties value. In gluten fraction, gliadin protein content was observed to be maximum in GW322 (3.97%) which was at par with HD2764 (3.91%) and lowest in RAJ4120 (3.52%), whereas glutenin content was observed to be highest in HI1531 (4.59%) and at par with GW322 (4.56%) and lowest in RSP561 (4.22%). Equivalent range of gliadin and glutenin protein contents of other wheat varieties has been reported by Mallick et al. (2013) . Gluten content was observed to be highest in GW322 which possessed highest gluten content (gliadin 3.97% ? glutenin 4.56% = 8.53%) and therefore expected to have highest gluten related properties i.e. baking and chapatti making properties.
Around three billion people throughout the world face problem of malnutrition to micronutrient deficiency (Anonymous 2000) . Besides the high calories and high nutritive protein contents, micronutrients like zinc and iron and phytochemicals like total phenols and flavonoids are also needed for proper growth, development and defense of human body. Iron and zinc are directly involved in blood formation and brain development respectively, whereas phenolics and flavonoids are reported to have ability to fight against different diseases (Adil et al. 2012) . So, these micronutrient and phytochemical contents in the wheat varieties were also studied to evaluate their nutritional status. Total phenols as well as flavonoid contents in grains were recorded maximum in RAJ4083 (1.97 mg/g dry wt and 0.78 mg/100 g respectively) and minimum was found in HD2764 (1.11 mg/g dry wt) and GW322 (0.54 mg/ 100 g dry wt) respectively. RAJ-4083 also recorded the highest zinc (50.32 ppm) and iron (75.5 ppm) contents. However, GW322 variety showed minimum flavonoids (0.54 mg/100 g dry wt) and zinc content (15.80 ppm) ( Table 2 ). RAJ4083 which recorded maximum contents of micronutrients (zinc and iron) and phytochemicals (total phenol and flavonoid) can thus be considered to the best variety for health benefitting nutrients. Therefore, RAJ4083 can be considered to be the best in terms of major and micronutrient content respectively. Although, GW322 showed lowest nutritional parameters but owing to its highest gluten content was expected to have highest baking quality.
Characterization of wheat grain protein fractions by SDS-PAGE
Electrophoresis of proteins is a powerful tool for identification of genetic diversity and the SDS-PAGE is predominantly considered as a consistent technology because seed storage proteins are highly independent of environmental fluctuations (Javid et al. 2004; Iqbal et al. 2005) . The results from SDS-PAGE analysis of wheat endosperm proteins indicate differential banding pattern for different degree of heterogeneity. Electrophoretic patterns of albumin and globulin proteins of twenty wheat varieties showed little polymorphism (Fig. 1a, b) . However, banding pattern of gliadin proteins revealed significant polymorphism amongst all of its four protein sub-fractions. The a/b gliadins showed two to three bands having molecular weight ranging from 20 to 40 kDa. However, three to four bands of c-gliadins in the range of 41.9-62 kDa were observed and the x-gliadins showed protein bands in the range from 70 to 75 kDa (Fig. 1c) . GW322 and HD2781 showed a different kind of banding pattern for x gliadins with presence of additional 71 kDa polypeptide which was absent in other varieties. The SDS-PAGE analysis of Katyal et al. (2018) revealed differential accumulation of different polypeptide (PPs) of gliadins and glutenins and storage of these PPs was varietal dependent. PPs ranging from 88 to 48 kDa were classified as x-gliadins whereas, PPs ranging between 43 and 28 kDa were known as a, b, and c gliadins. Hence it was inferred that the polymorphism in x-gliadins in many durum accessions is associated with varied pasting properties. Similarly another study performed by the same research group correlated hard wheat (HW), medium-hard wheat (MHW) and extraordinarily soft wheat (Ex-SW) varieties with grain hardness index (GHI) for the assessment of pasting, protein molecular weight (MW) distribution, dough rheology and baking properties. It was found that accumulation of additional polypeptides (PPs) varied significantly in different varieties and further Ex-SW variety (QBP12-10) depicted accumulation of 98, 90, 81 and 79 kDa PPs, this pattern was distinct and different from other varieties (Katyal et al. 2017) . The results of the present study are therefore supported by these findings and suggest different banding pattern resulting from polymorphism of x gliadins that may have a correlation with differential rheological behaviour of wheat flour. Polypeptides with molecular weight between 31.03 and 54.50 kDa belonging to a, b, and c subunits of gliadin have been reported by Chattopadhyay and Kumar (2016) and Nadeem et al. (2015) . Glutenin proteins showed a differential banding pattern for different wheat varieties but the overall degree of variation was good having eight to nine bands in different varieties with two types of subunits viz. Low Molecular Weight (LM r )-Glutenin Subunit (30-65 kDa) and High Molecular WeightGlutenin Subunit, (HMr)-Glutenin Subunit (70-140 kDa) (Fig. 1d) . Our results are in conformity with Shuaib et al. (2010) who reported eight to nine numbers of bands in different varieties with two types of subunits viz. LMr-GS (30-65 kDa) and . Seed storage protein profiles show different polymorphic patterns amongst the four protein fractions, with gliadins depicting highest polymorphic nature.
Evaluation of antigenic property of gliadin proteins by ELISA
Gluten, a heterogeneous complex of proteins (gliadins and glutenins) gives viscoelasticity to dough and is reported to be involved in the pathogenesis of many disorders and diseases. Reliable analytical methods are needed to assess the gluten content of the wheat. Currently ELISA (Enzyme-Linked Immunosorbent Assay) is the most commonly preferred method for determining the antigenic potential of wheat. The study on evaluation of antigenicity of Indian wheat varieties is very scanty. Therefore, the leading Indian bread wheat varieties were assessed for gluten/gliadin antigenic reactivity besides baking quality. Leszczynska et al. (2003) reported antigenic reactivity of wheat flour due to gliadin fraction of the gluten. Therefore, the gliadin protein fractions were isolated from grains of wheat varieties and tested for antigenic effect and the varieties recognized for good bread and chapatti making abilities were assessed for health benefitting status through measurement of gluten/gliadin antigenicity levels. A significant variation in the immunoreactive properties by absorbance measurements (OD) of gliadin proteins was revealed by ELISA using Multiscan RC reader at 450 nm (Table 3) . Highest OD values were recorded in GW322 (0.217), followed by HI1531 (0.212). Values were much lower in DBW17 (0.177 OD) and RSP561 (0.179 OD) but the lowest one was recorded in RAJ4120 (0.176). However, Waga and Zientarski (2007) and Sherif et al. (2006) reported antigenic values in terms of OD values of gliadins from 3.3 to 1.1 and 0.216 to 1.31 respectively. As compared to earlier studies, the varieties of this experiment carried low antigenic values ranging from 0.176 to 0.217 and hence could be considered to be better in general and RAJ4120 was best among the varieties and at par with DBW17 and RSP561.
Rheological measurements
The baking quality of wheat flour is due to presence of good amount of gluten protein fractions (Branlard et al. 2001) . Gluten protein develops visco-elasticity in dough when mixed with water and hence helps in baking property.
To analyze baking quality of flour, rheological assessment was done. Rheology measurements showed that the storage modulus (G 0 ) magnitude was much greater than loss modulus (G 00 ) magnitude in all the evaluated wheat varieties indicating that the dough was elastic than being viscous i.e. G 0 [ G 00 . At a constant temperature of 30°C and throughout the frequency range studied, elastic behavior (G 0 [ G 00 ) was more pronounced for all the dough samples ( Fig. 2a-d) . This reflected that the behavior of the twenty dough samples was comparable to a gel like material (Muzaffer et al. 2016) . Table 4 shows the power law parameters of the dough samples of the twenty wheat varieties. The G 0 and G 00 data of all the varieties at 30°C were fitted to the power law model and consistency coefficient and flow behavior index were determined. The results showed that all the twenty wheat genotypes displayed a solid like behavior because the magnitudes of consistency coefficient k 0 (17790) were much greater than those of k 00 (11083) as in HD2764. Similar results for k 0 and k 00 were found in all the other varieties with minor (Table 4) . Our results are in agreement with previous studies (Singh and Singh 2013) which depicted that G 0 of dough from all the varieties was greater than G 00 , indicating predominance of elastic character. Similar results have been reported by Mohammed et al. (2011) and Koussa-Koffi et al. (2015) who studied the dynamic rheological properties of chickpea and wheat flour doughs and observed that storage modulus was greater than the loss modulus in all the wheat doughs, indicating viscoelastic and solid like behavior of all the doughs.
Conclusion
Inter-genotypically variation in terms of nutritional quality parameters was observed in Indian wheat varieties. The varieties varied significantly for the immunogenic potential of gliadin proteins. SDS-PAGE revealed significant polymorphic nature of the wheat proteins. Among the twenty Indian wheat varieties, RAJ4120 exhibited good values of macronutrients, micronutrients and lowest value in antigenic property with high baking quality. However, GW-322 showed highest antigenic potential. 
